We study the question of distinguishability of the Higgs sector between the standard model with four generations(SM4) and the minimal supersymmetric standard model with four generations (MSSM4). We find that a gap exists between the SM4 and MSSM4 Higgs boson masses for a range of the fourth generation fermion mass considered in the analysis at a fixed top quark mass.
With the discovery of the top quark at the Tevatron [1] , the Higgs boson is now the only unknown sector in the context of the standard model (SM). Despite the remarkable successes of the SM in its excellent agreement with the precision measurements at present energies [2] , it is generally believed that the SM is not the final theory of elementary particle interactions. The minimal supersymmetric standard model (MSSM) [3] is one of the most popular extensions of the SM. Because of the nature of supersymmetry (SUSY), the Higgs sector in the MSSM consists of two CP-conserving Higgs doublets with opposite hypercharge.
In the SM, the Higgs boson mass is usually considered as an adjustable parameter because the quartic coupling of the Higgs potential is arbitrary. Nevertheless if certain theoretical assumptions are imposed, upper and lower bounds on the Higgs boson mass can be obtained.
The requirement of the vacuum stability yields a severe lower bound on the Higgs boson mass which depends on the top quark mass and the cut-off scale beyond which the SM is no longer valid [4, 5] , while an upper bound follows from the requirement that no Landau singularity appears up to a scale [6] . In the MSSM, an intrinsic upper bound on the lightest Higgs boson mass is obtained from the quartic Higgs coupling which is no longer arbitrary but is constrained by SUSY [7, 8] .
On the other hand, since there is still no experimental evidence for the absence of extra generations, it would also be interesting to study how the Higgs boson mass is limited in the presence of extra generations. In the SM with extra generations, several authors [9] [10] [11] have derived the upper and lower bounds on the Higgs boson mass as functions of the extra fermion masses. In the MSSM with four generations (MSSM4), the bounds on the lightest Higgs boson mass have been calculated very recently in Ref. [12] .
In view of the search for the Higgs boson at future accelerators such as LEP200 and LHC, it would be worthwhile for one to examine the bounds on the Higgs boson in the SM and its extensions and to look for any distinctive features since an actual measurement of the Higgs boson mass could serve to exclude or at least constrain some of the models for the electroweak symmetry breaking. This is the aim of this letter. In this work, we will pay a special attention to the question of distinguishability between the SM with four generations (SM4) and MSSM4 Higgs bosons as well as between the SM/MSSM and SM4/MSSM4 Higgs sectors. In order to do this we adopt a basic assumption [13] that all super partners of the SM particles and another Higgs scalar orthogonal to the lightest one have masses of order of the supersymmetry breaking scale M susy ≥ 1 TeV. Then, the effective low-energy theory below M susy is equivalent to the SM with a single Higgs doublet and three or four generations.
Since the bounds on the Higgs boson mass in the models with four generations would depend on the fourth generation fermion masses, it is convenient to impose the possible constraints on the fourth generation fermion masses. The recent precision tests of the SM [14] and the good agreement between the direct measurements of the top quark mass at the Tevatron [1] and its indirect determination from the global fits to the electroweak data [14] [15] [16] demonstrate that no significant violation of the isospin symmetry for the extra generations is observed. Thus the masses of the fourth generation isopartners must be highly degenerate (see e.g. [11] ). To reduce the number of parameters we will consider the fourth generation fermions with the common mass m 4 . Recently, the limit on the masses of the extra neutral and charged leptons, m N and m E , has been improved by LEP1.5 to m N > 59
GeV and m E > 62 GeV [17] . On the other hand, the upper limit on the fourth generation fermion masses coming from the vacuum stability and the perturvative calculation is about 120 GeV for the scales Λ ≥ 10 12 GeV at which new physics emerges [18, 11] . Taking into account these observations, we will restrict the range of m 4 to 50 < ∼ m 4 < ∼ 120 GeV in our analysis. In addition, we will assume that the fourth generation quarks do not mix with the known quarks. This is possible since the mixing angles are so small that the new particles can leave the Tevatron detectors without decaying. Now, let us focus on the calculation of the Higgs boson mass. In order to evaluate the quantum effects on the Higgs boson mass we adopt the renormalization group (RG) analysis.
The renormalization group equations (RGEs) for the gauge and Yukawa coupling constants can be found in the literature [12, 18, 19] Note that our calculation is up to one loop order.
In order to solve the RGEs numerically, we take the initial conditions for the gauge coupling constants to be,
Note that the uncertainties in our numerical results due to the experimental errors in g 1 (M Z ) and g 2 (M Z ) are negligible while it is not for α s (M Z ). Therefore, we will discuss briefly on the uncertainty due to the experimental error in α s (M Z ). For the Yukawa couplings of the top quark and the fourth generation fermions, we impose the following mass relation as a boundary condition,
where v = ( √ 2G F ) −1/2 = 246 GeV, i = t, T, B, N and E, and the fourth generation quarks and leptons are denoted by (T, B) and (N, E) respectively. In order to calculate the Higgs boson mass m H , we will use the following relation [13] 
Note that the above mass relations to be imposed as boundary conditions are different from those in Ref. [10, 11] . We will comment below on the effects of using different boundary conditions on the Higgs boson mass. In particular, when we calculate the lightest supersymmetric Higgs boson mass, we impose the following SUSY relation on the Higgs coupling
where tan β is the ratio of the vacuum expectation values of the two Higgs scalars. We also restrict the range of the top quark mass to 160 < ∼ m t < ∼ 180 GeV, which covers within the current experimental errors the most part of the measured top quark masses from Tevatron.
In this work, we obtain the vacuum stability lower bounds on the SM(4) Higgs boson mass by assuming that the SM (4) is valid all the way up to 10 19 GeV, and for large values of cutoff, Λ ≥ 10 10 GeV, these bounds depend only weakly on the values of Λ.
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